The aim of the research was the analysis of 11 DH-R 2 pepper (Capsicum annuum L.) lines, obtained in anther cultures of '(ATZ1
INTRODUCTION
Androgenesis in vitro is a basic method of obtaining haploid plants and DH (doubled haploid) lines of pepper (Gémesné et al. 2009 , Koleva-Godeva et al. 2009 , Nowaczyk et al. 2009 ). Amongst pepper androgenic regenerants, diploids are most frequently the effect of spontaneous doubling of the chromosome number in haploid cells during an embryo's early developmental stages (Vagera 1990) . Such fully homozygous DH lines provide valuable breeding material that does not undergo segregation in successive breeding years. Therefore, it is important to determine the origin of diploid regenerants (Munyon et al. 1989 ).
The genetic homogeneity of pepper anther culture-derived lines can be determined on the basis of a morphological analysis of select plant and fruit characteristics in successive generations (Vagera 1990 , Nervo et al. 1995 , Supena et al. 2006 . A high phenotype uniformity of the plants reflects a high level of homozygosis and the gametic origin of the lines. What is more, the morphological evaluation of DH lines highlights their usefulness for pepper breeding programs and also reflects a differentiation between particular lines. This interline variability comes from a genetic diversity of microspores, which is an effect of random gene segregation in meiosis (Gémesné et al. 2001) . Additionally, easilyidentifiable fruit characteristics are also very useful for the confirmation of microspore origins of pepper androgenic plants, conditioned by single, usually recessive genes, e.g. fruit colour and shape (Smith 1950 , Pochard 1977 .
Defining genetic homogeneity within plants of particular DH lines and the polymorphism between different lines is also possible using DNA molecular analysis, as well as isozyme markers (Gyulai et al. 2000 , Gémesné et al. 2001 . Morrison et al. (1986) applied phosphoglucomutase and shikimate dehydrogenase to confirm the androgenic origin of diploid androgenic plants, Munyon et al. (1989) analysed stripe patterns of shikimate dehydrogenase, malate dehydrogenase, phosphoglucomutase and phosphoglucose isomerase, while Dolcet-Sanjuan et al. (1997) used sixteen isozymes, of which isocitrate dehydrogenase turned out to be useful.
The aim of the present paper was the morphological and isozyme analysis of pepper (C. annuum L.) DH-R2 lines, obtained in anther cultures of '(ATZ1 × PO)' F 1 , '(ATZ1 × CDT)' F 1 and '(ATZ1 × TG)' F 1 hybrids.
MATERIAL AND METHODS
Eleven R 2 generations of the regenerants obtained in anther cultures of '(ATZ1 × PO)' F 1 -'AP1', 'AP2', 'AP3', 'AP4', 'AP18', '(ATZ1 × CDT)' F 1 -'AC5', 'AC7', 'AC9', 'AC14' and '(ATZ1 × TG)' F 1 -'AT4', 'AT6' were used in the study. R 2 generations were derived from seeds obtained as a result of self-pollination of androgenic R 1 regenerants. R 2 plants were grown in plastic tents, following the agrotechnical guidelines for pepper cultivation in Poland.
The biometrical analysis involved 10 plants of each of the tested DH-R 2 generations. Fruit number and total fruit yield per plant were determined and three fruits from each plant were analysed biometrically. The following fruit characters were evaluated according to the principles given in 'Descriptors for Capsicum (Capsicum ssp.)' (IPGRI 1995) : weight of the fruit with stalk, fruit length and width, pericarp weight, pericarp thickness, wet seed weight, number of seeds per fruit, dry weight of pericarp and thousand seed weight. Since the parental forms of F 1 hybrids used as anther-donor plants differed in the fruit shape and colour, these traits were additionally used to help in confirming the microspore origin of the regenerants. The results of the biometrical analyses of plants were statistically verified. The uniformity of each line was defined with the analysis of variance (ANOVA/ MANOVA). Standard deviation (SD) and the coefficient of variation (CV) were also determined for the evaluated traits.
The analysed R 2 regenerants were also tested with isozyme markers. The patterns of four enzymes -phosphoglucose isomerase, phosphoglucomutase, isocitrate dehydrogenase and malate dehydrogenase -were studied after isozyme separation by starch gel electrophoresis. Young leaves were macerated in a 100 µl extraction buffer (1.21 g Tris, 0.037 g Na 2 EDTA, 0.075 g KCl, 0.203 g MgCl 2 , 1 ml Triton, 100 ml H 2 O; pH -7.5), with 10 ml of 2-Mercaptoethanol added. Filter paper stripes were soaked in the homogenate and used to load a 14% starch gel with a histidine buffer (10.334 g L-histidines, 1000 ml H 2 O; pH -6.5). The electrophoresis was performed in an electrode buffer (15.14 g Tris, 8.325 g citric acid, 1000 ml H 2 O) for 3.5 hours at 200 V. The gels were stained for proteins at 35 o C with dying solutions and 5 ml of hot agar (1.5%). The composition of staining mixtures for respective isozymes is given in Table 1 .
RESULTS AND DISCUSSION
The use of anther cultures in plant breeding is possible only when a satisfactory efficiency of the Table 2 . The researched lines differed considerably in these two traits, and the high values of the coefficient of variation (CV) suggest that the yield and the number of fruit per plant depend significantly on the environmental conditions. The analysis of variance of fruit traits showed that the most phenotype-homogenous were two lines obtained in '(ATZ1 × PO)' F 1 anther culture. Plants of the 'AP1' line did not show significant differences for eight of the tested parameters, while the 'AP2' line was uniform for six of ten analysed fruit traits (Tab. 3). Similarly, the 'AC5' line, derived from '(ATZ1 × CDT)' F 1 microspores, was also morphologically uniform and no significant differences were recorded for five fruit traits (Tab. 4). It is worth mentioning that of all of the analysed plant traits, the most homogenous was weight of wet seeds per fruit -it was quite uniform in the case of six of the 11 tested androgenic lines, while the least useful for phenotype uniformity assessment was dry matter content. The lack of high phenotypic homogeneity was observed especially for two of the lines -'AT4' and 'AT6' (Tab. 5). This may be the result of environmental variation, which may often modify plant morphology. It suggests that although the importance of biometrical characteristics of anther-derived lines is of great value, as it allows for an objective evaluation of the essential functional characters of plants, which is necessary for the selection of the most interesting materials for breeding programs, the biometrical analysis cannot be the main method for androgenic regenerant microspore origin evaluation. However, especially the total fruit yield, the weight and size of the fruit, as well as the pericarp thickness, appear to be the most important plant characters that should not be omitted while DH lines are being evaluated. The trait that is not affected by the modifying effect of the environment, and thus can be applied to mark the origin of androgenic pepper plants, is the fruit colour of the regenerants. As for the Capsicum genus, this trait is inherited following the principle of full dominance (Smith 1950) . Table 3 from the microspore with recessive gene y. Such plants are then spontaneous diploids, fully homozygous. Moreover, as determined by Pochard (1977) , the round-like fruit shape, characteristic for the 'TG' line, is conditioned by dominant allele o + , while the elongated fruit shape, typical for the 'ATZ1' line, is determined by the recessive form of the gene. F 1 hybrids result in round fruit (o + /o), whereas segregation occurs in the F 2 generation. Since the parental forms of F 1 hybrids used in this study as anther donor plants differed in fruit colour and shape, these traits were applied as an additional indicator confirming the microspore origin of androgenic regenerants (Figs 1 a-c ). There were Table 3 Figure 1 two yellow-fruited ones amongst the 11 evaluated lines, both derived from anther cultures of '(ATZ1 × TG)' F 1 . One of them ('AT6') produced fruit similar in shape to those of the 'ATZ1' line, whereas the second one ('AT4') was more similar to the other hybrid parental form, the 'TG' line (Figs 1 d and e). These results indicate that the 'AT4' as well as the 'AT6' lines developed from the '(ATZ1 × TG)' F 1 haploid microspore, containing recessive alleles. Additionally, isozyme electrophoresis was used to determine the origin of the analysed androgenic lines derived from F 1 hybrids. The analysis performed for four isozyme patterns demonstrated that parental genotypes 'ATZ1' and 'TG' are homozygous for isocitrate dehydrogenase (one band on the zymograms), and hybrids between these lines are heterozygous -their IDH profile consists of three bands (Fig. 2, lanes 1, 2 , 5-8). Because the IDH isozyme profile of 'CDT' line was heterozygous (Fig. 2, lane 3) , for a clear interpretation of the zymograms only heterozygous plants of '(ATZ1 × CDT)' F 1 were selected as donorplants for androgenesis. Thus, this isozyme was found to be useful in defining the genetic uniformity of the progeny of diploid plants obtained in anther cultures of two hybrids, '(ATZ1 × TG)' F 1 (Fig. 2 , lanes 13-16) and '(ATZ1 × CDT)' F 1 (Fig. 2, lanes  17-20) , as they were homogenous and presented only one of the bands of their heterozygous donor plants. Isocitrate dehydrogenase was also reported to be effective by Dolcet-Sanjuan et al. (1997) . Considering the obtained results, it seems fully justifiable to use biometrical analysis, including fruit colour and shape as the marker traits, in further studies to confirm the microspore origin of the regenerants, especially in the case of anther-derived plants of the hybrid between the red-fruited 'ATZ1' line and the yellow-fruited 'PO' line, since their origin failed to be evaluated using the izozymes researched in this study. 
